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HD TPCs for Directional Dark Matter

(see Sven's talk)

®  (oal: achieve vector directionality at lowest possible
energies
o “HD TPCs”
® This talk:

o  New algorithm: primary track recovery (ptr)
o Implications for future detectors (briefly)

Using the BEAST TPCs as a model...




The BEAST TPCs

“Micro” HD TPCs

DDM technology demonstrators
Used in fast neutron tracking applications
Size: ~2x2x10cm? sensitive volume

Gas: 70:30 He:CO, at 1 atm
o  Principal recoils are He nuclei (alphas)
o  Electron drift gas

Amplification: two gas electron multipliers (GEMs)

Readout: ATLAS FE-14B pixel chip:
o  50x250 um pitch
O  4-bit time-over-threshold (TOT)
o  Hit-trigger timing resolution: 25 ns (— 250 pm)




“Effective deconvolution”
e Model all physics+detector effects N ety
® Fit tracks with model, using ) ' "igili!!i!!;iiiiii“iiﬂ;;iiifiiii""
primary track properties as free
parameters x Tt Ty
® Deconvolve to obtain recovered - . . :
primary track
o> S > e B

Yt



a. Model

Track development
Why does a track look like this?
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d.

Primary track recovery

Model
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i: ionization charge deposited (Bragg)
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ii: thermal drift diffusion (random walk)
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Primary track recovery

o JaTo(x) + 6T (x1) +cTa(xr)
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® iv: digitization:
O X,y position from pixel center
o  relative z position from threshold-crossing time
o  charge from time-over-threshold (TOT)

— Charge structure in z is integrated out in each pixel




. Primary track recovery |G-,
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Singular value decomposition of hits
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Primary track recovery

)

c. Slice/sample

Bilinear interpolation between hits

® [Estimate z, q at points transverse to
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Primary track recovery

d. Slice fits
Charge profile and shell
® This is where the (unknown) ) N .:....:.::....;;,,,;:Zﬁ“g
digitization model comes in i
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3000

Primary track recovery d
2500 -
2000 -
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Charge profile £ 1500-
® The transverse charge profile should be Gaussian: 1000 1
500 -
q' (yi) = h'g(yi; 1y, 07)
0
® Free parameters — track properties 0.75 -
o h— linear charge density Geli
O u— transverse straggling -
o o, — transverse diffusion g
g 0.00 4
® (corrections for resolution effects not shown) -
—0.25 A
® The shell fit (bottom) I'll leave for additional slides 050
o  Model timewalk and charge structure in z '
o  Fitto gettrack center position in zand 6, e
~1.00 . . .
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Primary track recovery

D
e. Smeared Bragg fit
Deconvolve diffusion+detector effects
® Fit the Bragg parameterization g Lot : 'i:“'
w I THTH HHHTH :'!n "!"l ¢
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Primary track recovery

e. Spjeared Bragg fit

Deconvolved Detected Free paljameters are primary track
@ \I-\\ properties:
=
S 2 "l ® True length
| -1
S 2 n ® True charge
£ 3

® Vector direction (via y*

A

hypothesis testing)
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f.

Primary track recovery

Recover primary

Deconvolved

Distribute charge in 3D accordingto

unsmeared Bragg and including
transverse straggling

Refit to get improved ¢ /60
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Primary track recovery

Performance
Focus on vector directionality
44
® (Compare to head charge fraction (HCF) 3
o  Recently demonstrated g 3 -
o Use charge imbalance along track to f
determine vector direction 2.
g 21
HCF (correct assignment) < 0.5: %
=i

WA

But a digitization effect limits performance of this...
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Primary track recovery

Head charge fraction (HCF)

® Integration effects limit traditional reconstruction

® For HCF inclined tracks have biased charge distributions
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Vector directionality vs 6 = .
: : — : 5 D T —
® (using 1M simulated, digitized recoils) |
o (top) is compromised by integration effects é —90
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Vector directionality vs E

® Significant improvement at low energies
o At 60 keV, right, where L/GT~4

..but does it work on data?

¢bm = ¢truth (o)

¢ptr = ¢truth (o)
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Primary track recovery

Data validation

® Use BEAST TPC beam background monitor at
SuperKEKB
o (fastneutron recoils)
o Beam parallel to z axis: point source in ¢,
smeared by recoil angle

® SVD prefit assigns track direction randomly
® HCF assigns correct direction usually

® ptrassigns correct direction more frequently
o Improvement due to proper modeling of
physics and detector dynamics

(similar improvements in other variables...)

Beam
Beam

<
<«—— Wall
<

7000 -

6000 %

5000

Recoils per 6° bin

—-180 —-120 —-60 0 60 120 180



Implications for future detectors

HD TPCs with InGrid readout

® Even with ptr, performance is limited by:
o Integration effects
o  Amplification dispersion
o  Drift diffusion
® All of these are mitigated by combining InGrid

readout with negative ion drift
o  The ultimate HD TPC
o  Such a TPC was demonstrated last year

The low-E frontier for vector tracking will continue to
demand the most of detector technology and
reconstruction algorithms

s

Mag= 303X  Signal A= SE2 StageatT= 70.1° Fraunhofer 1ZM
WD= 18mm  EHT=20.00kV — Chamber = 7.23e-004 Pa

Ligtenberg, 2020
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https://agenda.linearcollider.org/event/8547/contributions/45637/subcontributions/1501/attachments/35579/55221/NITPC_presentation.pdf

Thank you!




Additional slides
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Primary track recovery d
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Primary track recovery

Other results
® (Charge recovery
® Truelength
® Absolute z position
® [Longitudinal diffusion

MC performance for 6=135° E=60 keV

Variable  Type pitx Benchmark

q frac. err. —0.0214+0.041 —0.081+0.029
b frac. err. 0.00£0.13 0.60+0.22
0 abs. err. (°) —40+83 12176

¢ (fold)  abs. err. (°) 1+14 1t+14

0 abs. err. (°) —-19+44 52118

0 (fold)  abs.err. (°) 5+11 —-16.6+7.8
Ent abs. 0.837 +£0.021 0.504 +0.046
or frac. err. —0.019+0.031 —

o1 frac. err. 0.15+0.15 —

Db abs.err. (cm) 1.6+2.1 —
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Primary track recovery
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¢bm — d)truth (o)

¢ptr - ¢truth (o)
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Primary track recovery
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